Rationale: Anti-N-methyl-D-aspartate (NMDA) receptor encephalitis is an immune-mediated syndrome caused by the production of antibodies against NMDA receptors. As NMDA receptors are important targets of many anesthetic drugs, the perioperative management of patients with anti-NMDA receptor encephalitis is challenging for anesthesiologists.
Introduction
Anti-NMDA receptor antibody encephalitis is an autoimmune disorder associated with ovarian teratoma, and usually affects young women. [1] [2] [3] Prominent psychiatric symptoms, disturbance of memory and consciousness, and central hypoventilation are characteristic. [4] [5] [6] Anesthesiologists sometimes encounter these patients in the operating room because it has been reported that ovarian tumor resection with immunotherapy can facilitate earlier functional recovery. [7] [8] [9] A patient with anti-NMDA receptor encephalitis requires careful consideration of the anesthesia plan and drugs, because the NMDA receptor is a major target site of commonly-used anesthetic agents. However, standard anesthesia for such patients has not been established. We present a case of laparoscopic ovarian cystectomy who received intravenous propofol anesthesia with peripheral nerve block, and discuss appropriate anesthesia with a limited review of the literature.
Case report
A 31-year-old woman with no prior history presented with memory deficit, monologue, and loitering after common cold-like symptoms. Initially diagnosed by a psychiatrist as having an acute mental disorder, her symptoms subsequently worsened, with agitation, disorientation, and generalized seizures. Cerebrospinal fluid testing and head and abdominal magnetic resonance imaging suggested encephalitis and ovarian teratoma, and anti-NMDA receptor antibody was detected in cerebrospinal fluid. The psychiatrist diagnosed anti-NMDA receptor antibody encephalitis.
Her symptoms gradually worsened despite steroid therapy, and she developed akinesia and aphasia. She was transferred to our hospital and laparoscopic ovarian cystectomy was scheduled. At that time, her disease stage was considered unresponsive, as 9 months had passed since onset.
Medication was held on the operative day. Total intravenous anesthesia with peripheral nerve block was selected. Her bispectral index (BIS) was about 90 as she closed her eyes. General anesthesia was induced with bolus administration of 80 mg of propofol, with continuous infusion of remifentanil at 0.1 m g/kg/min. Train of Four (TOF) monitoring was calibrated and 40 mg of rocuronium was administered intravenously. Tracheal intubation was uneventful. Anesthesia was maintained with propofol using target-controlled infusion at 3.5 mg/mL and continuous infusion of remifentanil at 0.2 mg/kg/min. Rectus sheath block (RSB) and quadratus lumborum block (QLB, type 1) were performed using ultrasound guidance, and local anesthesia was achieved with a total of 60 ml of 0.25% levobupivacaine: 20 ml for RSB and 40 ml for QLB. Laparoscopic ovarian cystectomy was started. The BIS was about 60 during the operation, which was uneventful. The operative time was 35 minutes. Acetaminophen 700 mg was administered intravenously for postoperative analgesia. Sugammadex was administered to reverse the muscle relaxant. The patient was awake when her BIS increased to 90, and the TOF ratio was 90% at the time. Her tidal volume during spontaneous ventilation through the endotracheal tube was 400 mL/min and respiratory rate was 9 times per min. She could breathe spontaneously without snoring or apnea after extubation. Her vital signs were stable and she did not complain of pain.
One day after surgery, she had transient dyskinesia. Her aphasia was still not improved, but her facial expression and physical communication were improved during the 5 days after surgery. She was transferred back to the referring hospital.
Discussion
Three points should be considered for anesthesia in anti-NMDA receptor encephalitis: the choice of anesthetic and anesthesia type, appropriate anesthesia maintenance, and postoperative care. Ideally, anesthesiologists should choose the optimal anesthetic for a patient with anti-NMDA receptor encephalitis, because most anesthetics have some effect on the NMDA receptor. This means that the choice of anesthetic may influence the postoperative status. Anesthesia type is also important because it will affect the dose of anesthetic. Monitoring with BIS and TOF should be used to maintain appropriate anesthesia depth. These may effectively prevent deeper anesthesia. Unanticipated adverse effects of anesthesia can worsen postoperative status. These include delayed awakening from anesthesia, confusion, convulsions, apnea and hypoventilation after extubation, need for tracheal reintubation, aspiration and aspiration pneumonia, among others.
To manage these anesthesia-related adverse effects, understanding of the clinical entity of anti-NMDA receptor encephalitis is necessary.
Pathology
Anti-NMDA receptor encephalitis is considered an autoimmune disorder, in which autoantibodies produced by B-cells act against ion channels and synaptic receptors. [1, 4] A recent theory has suggested a mechanism for the trigger. First, some ovarian teratomas contain neuronal tissue, in which NMDA receptors are expressed. Second, if these neurons are incidentally transported to regional lymph nodes, B-cells are exposed to the NMDA receptors. These B-cells migrate and reach the brain across the blood-brain barrier. Third, the B-cells differentiate into plasma cells in the brain, producing anti-NMDA receptor antibodies. The plasma cells continue to synthesize antibodies in the brain. These selectively combine with and internalize NMDA receptors, that is, NR1/NR2 heteromers, in both excitatory and inhibitory hippocampal neurons, and then induce synaptic current reduction. Finally, the antibodies disrupt NMDA receptor-related cognitive networks, and induce psychotic dysfunction. Involvement of the respiratory center in the brainstem causes breathing difficulty, and an impaired autonomic nervous system can cause arrhythmias, hypertension, and hypersalivation.
Anti-NMDA receptor encephalitis has the characteristics of a paraneoplastic syndrome. Other pathologic mechanisms may be involved, in which case, ovarian cystectomy will not promote recovery.
Clinical course and treatment
Clinical manifestations are classified into 5 phases. [7, 10, 11] In the prodromal phase, symptoms of infection appear, and may resemble a common cold. In the psychotic phase, torpor, depression, schizophrenia-like symptoms, and abnormal behavior appear. Convulsions may occur in the phase. In the unresponsive phase, catatonic-like behavior appears, with akinesia and silence that disappear in response to verbal stimulation. In the hyperkinetic phase, orofacial dyskinesia and athetosis-like dystonia of the fingers appear. Almost all patients gradually recover (Gradual recovery phase). [7] The clinical features vary. Severity may depend on the correct diagnosis and prompt treatment because impairment of NMDA receptors leads to functional deficits. Most patients (75%) who are diagnosed early and treated appropriately will recover, but some cases (7%) will ultimately be fatal. [10] Severity of symptoms tends to be related to the anti-NMDA receptor antibody titer, but despite appropriate treatment, there may be no significant difference in prognosis between those with and without severe symptoms. [11] Early tumor resection and immune therapy are recommended in cases with ovarian teratoma. Steroid pulse therapy, plasma exchange, and intravenous immunoglobulin therapy are effective.
Influence of anesthetic drugs
The choice of anesthetic drugs for surgery can be difficult. [12] This disease interferes with NMDA receptors. Thus, encephalitis can worsen with administration of anesthetic drugs because they act on NMDA receptors.
Ketamine, nitrous oxide
These are NMDA receptor antagonists, and can influence the clinical manifestation of encephalitis. Volatile anesthetics (isoflurane, sevoflurane, desflurane): It is known that volatile anesthetics inhibit 50% of NMDA receptor-mediated currents at levels close to minimum alveolar anesthetic concentration. The density of the anesthetic affects the NMDA receptor. Propofol: Gamma-aminobutyric acid receptors play an important role in anesthesia with propofol. However, some studies reported that propofol indirectly affects NMDA receptors. Opioids (fentanyl, remifentanil, morphine): Recent studies revealed that the effect of opioids may be decreased in patients with anti-NMDA receptor antibody encephalitis because the NR1 subunit is conjugated with anti-NMDA receptor antibody. Hence, a relatively large amount of opioid may be necessary for analgesia. However, opioids should be carefully administered in these patients because of the risk of central hypoventilation.
Choice of anesthesia method
A previous report [24] described general anesthesia in combination with a peripheral nerve block (actually, more such cases were performed, but the reports did not describe the anesthesia method in detail). General anesthesia has been chosen predominantly for patients with anti-NMDA receptor antibody encephalitis. Among such cases, volatile inhalation anesthesia was used in The patients may have difficulty perceiving pain because NMDA receptors are inhibited. Hence, a peripheral nerve block, that is, a transabdominal plane block can be performed for open lower abdominal surgery for ovarian cystectomy. However, it may be difficult to achieve complete intraoperative analgesia using only a peripheral nerve block in laparoscopic surgery.
Anesthesia monitoring
Patients with anti-NMDA receptor encephalitis may have altered sensitivity to general anesthesia, causing a problem with anesthesia depth. These patients have impaired nerve conduction through the NMDA receptors that are closely related to anesthesia depth. Balanced anesthesia may resolve this problem. However, it is unclear whether anesthesia monitoring using BIS and TOF can be performed and evaluated as usual. Evaluation of anesthesia depth with BIS in this disease is difficult because of the presence of epilepsy waves and generalized slow waves. It may important to assess BIS before anesthesia induction to determine appropriate anesthesia depth for each patient. Certainty of muscle relaxant reversal is necessary before tracheal extubation due to the risk of central hypoventilation. However, it is difficult to evaluate muscle relaxation with TOF because of reduced tone.
Adverse events during the postoperative period
Postoperative adverse events may induce psychological, circulatory, and respiratory complications (Table 1) . We searched for previous reports of general anesthesia in patients with anti-NMDA receptor encephalitis using PubMed, and found 27 cases. These cases included ovarian cystectomy (laparoscopic surgery in 12, open surgery in 8), percutaneous endoscopic gastrostomy (4 cases), lumbar puncture for cerebrospinal fluid examination (2 cases), and emergent cesarean section (1 case).
Complications include delayed awakening, unconsciousness, and drowsiness, requiring artificial respiration (1 case); involuntary movement and ataxia (1 case); and seizures (1 case). Delayed awakening may be related to relatively deep anesthesia, but other complications were not clearly recognized as side effects, and were not listed in Table 1 . Circulatory complications can occur postoperatively, but no cases were reported. Respiratory complications included hypoventilation, pneumonia (1 case), and ventilator-associated pneumonia (VAP, 2 cases). Hypoventilation was a major complication. Hence, artificial respiration was performed preoperatively in 3 cases, but reintubation in the intensive care unit was reported (1 case).
Appropriate anesthesia method
Inappropriate anesthesia may cause adverse events postoperatively. Review of previous reports suggests that postoperative adverse events were mostly respiratory-related complications. These included postoperative delayed awakening, need for reintubation, pneumonia, and VAP. All were reported in cases of inhalation anesthesia. Therefore, we recommend TIVA in preference to inhalation anesthesia.
In addition to our patient, 1 previous case underwent TIVA with PNB. Based on the pathology and pharmacology, addition of PNB should be recommended. Only 1 case reported successful anesthesia using a combination of PNB (transversus abdominis plane) and opiate (fentanyl, morphine) for laparoscopic ovarian cystectomy. However, whether regional anesthesia during laparoscopic surgery can prevent hypoventilation and aspiration is unclear.
Our case was successfully treated using TIVA with PNB. We believe that TIVA with PNB may be the most appropriate anesthesia method for ovarian cystectomy in a patient with anti-NMDA receptor encephalitis.
Informed consent
A written informed consent for publication of this case was obtained from the patient.
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Anesthesia Clinical stage Case Postoperative adverse events
Inhalation anesthesia Psychotic phase 6 [5, 13, 14] 3 (pneumonia: 1 [14] , VAP: 2 [14] ) Unresponsive phase 5 [5, [15] [16] [17] 2 (re-intubation: 1 [5] , hypoventilation: 1 [15] ) Hyperkinetic phase 2 [9, 18] 0 Gradual recovery phase 2 [2, 14] 0 TIVA Psychotic phase 3 [13, 19, 20] 0 Unresponsive phase 1 [21] 0 Hyperkinetic phase 4 [9, [21] [22] [23] 0 Gradual recovery phase 1 [14] 0 Unclassified 1 [24] 0 TIVA+PNB Unresponsive phase 1 [21] 0 PNB Psychotic phase 1 [25] 0 NMDA = N-methyl-D-aspartate; PNB = peripheral nerve block; TIVA = total intravenous anesthesia; VAP = ventilator-associated pneumonia.
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